Optimization of physicochemical parameters influencing the fabrication of protein-loaded chitosan nanoparticles.
In the development of controlled-release protein therapeutics, the high encapsulation of proteins into biodegradable nanoparticles with uniform size in an anhydrous process along with an excellent redispersion is of practical interest. The objective of this work was to study the physicochemical and in vitro release properties of chitosan nanoparticles with different molecular weights (low, medium and high) using bovine serum albumin (BSA) as a model protein for developing nanoparticle formulations that were stable and reproducible after lyophilization. The BSA-loaded chitosan nanoparticles were prepared by an ionic gelation method using pentasodium tripolyphosphate as the polyanions. The physicochemical properties and in vitro release kinetics of the nanoparticles were evaluated along with Fourier transform infrared spectroscopy studies. Furthermore, the nanoparticles were freeze-dried for long-term stability in the formulation. To optimize the size of the freeze-dried nanoparticles after redispersion, various types of lyoprotectants (natural and synthetic) were tested in varying concentration in the process of lyophilization. The dynamic light scattering measurements revealed the increase in size of chitosan nanoparticles with the increase in molecular weight of chitosan with no significant change, irrespective of the concentration of BSA entrapped. In addition, the entrapment efficiency of the nanoparticles increased with the increasing molecular weight of chitosan and BSA concentration. By contrast, the redispersity of the freeze-dried samples resulted in further increase of the mean diameter of the nanoparticles. Among the various types of lyoprotectants (natural and synthetic) examined, sucrose proved to be very effective in reducing the size of freeze-dried nanoparticles on redispersion without significant change in surface charge of nanoparticles. Finally, the in vitro release kinetics of BSA from nanoparticles of different molecular weights of chitosan, with and without sucrose, was evaluated and found to depend upon the molecular weight of chitosan.